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1
Introduction

Current working assumption is that power saving possibilities in LTE_ACTIVE and LTE_IDLE shall be similar as agreed in SA2, RAN3 RAN2 joint meeting. It is as well mentioned in [25.813] and [25.913] that UE power saving possibilities shall be taken into account through enabling of the usage of DRX and DTX in LTE_ACTIVE. This paper will address the issue of applying DRX in Active mode thereby enabling the possibility for good UE power saving performance in Active mode.

2
DRX requirements
Following requirements from [25.913] have direct or indirect impact on the requirements for E-UTRAN DRX/DTX overall design:

1) E-UTRAN is packet based.

2) Real time and conversational class traffic shall be supported.

3) E-UTRAN architecture shall support end-to-end QoS.

4) Delay variations (jitter) shall be taken into account in the design.

5) UE battery life (standby and active) shall be considered.

6) UE complexity and power consumption shall be minimized/optimized.

Summarizing these requirements for the overall DRX functionality, it can be said that E-UTRAN is a packet based system supporting both real-time and conversational class traffic. Besides this the delay variations (jitter) shall be taken into account as well as the UE battery life (Idle and Active) shall be considered. Finally UE complexity and power consumption shall be minimized/optimised.
Based on the requirements listed above and input from various earlier papers related to the DRX topic [1-6] it seems that the overall high level DRX scheme for E-UTRAN Active mode needs to ensure support for:

1) Fast throughput between network and UE

2) Good power saving possibilities on UE side

The first point states the need for support of short DRX when ever possible, while the second point states the need for being able to apply as long DRX as possible whenever possible.
Besides supporting this flexibility the overall DRX scheme needs to assure that setting and changing the DRX interval is done in such a way that the network and UE are synchronisation is maintained at all times when it comes to the DRX interval:
3) Maintain network and UE DRX interval synchronisation

These three basic features are needed for the E-UTRAN Active mode DRX and will be used in next section to introduce a DRX scheme proposal suitable for fulfilling these requirements.

3
E-UTRAN Active mode DRX scheme
3.1
Short, Long and Flexible DRX case
As mentioned in earlier papers (see e.g. [1], [3]) the traffic pattern of E-UTRAN might differ quite a lot depending on the requirements of active connection. As mentioned in [3] the DRX pattern e.g. for VoIP would most of the time generate a data packet every 20ms which has a pre-determined size. This case would call for a relative short DRX interval of e.g. 20ms giving the network the possibility to schedule to UE every 20ms.
On the other hand the active connection might not have a regular data flow. Examples of this type could be web-browsing, email reading etc. Here the UE could be assigned a relative long DRX interval of e.g. 1 second enabling the network to address the UE every second while in UL UE can access at any time using defined RACH procedure.
Working assumption is that the UE is given Uplink scheduling grant and Downlink scheduling information from eNB. UE will receive the resource allocations according to its assigned DRX interval.
Looking at the use case above, a relative long DRX interval is good from UE power saving point of view, but limits the possibility for DL scheduling and throughput. Potentially having a lot of data at the eNB or UE for transmission it would be very beneficial to be able to change the assigned long DRX interval to a short DRX interval for a period of time suitable for the transmission the available buffered data. After the data transmission has ended UE and network can resume the original DRX interval. This principle is illustrated in figure 1.
3.2
Active mode DRX scheme
In order to support the flexible DRX scheme outlined above it is proposed to introduce a two layer DRX scheme. First layer (high level DRX) will be controlled by RRC. The DRX interval on this layer will depend on the basic flow requirements of the connection (e.g. VoIP, Web-browsing etc.). The DRX interval will be determined by RRC in eNB and signalled to UE using RRC control signalling. 
Second layer (low level DRX) will be handled on MAC layer. The DRX interval on this layer is flexible supporting the need for fast changes in the DRX interval. MAC header is proposed to carry the information regarding the second layer DRX setting.
The dependence between the two DRX layers should be kept at a minimum. This will be used for assuring that the first layer RRC controlled DRX interval can be used as fallback DRX interval in case of any errors occur applying second layer DRX. This method assures that network and UE will stay synchronised on the high layer DRX interval despite errors on low layer DRX.
[image: image1.emf] 

High l ayer D RX  

Low l ayer  DRX  

Data  


Figure 1: Illustration of High layer DRX and Low layer DRX
4
Conclusions

Based on the basic features needed for the E-UTRAN Active mode DRX as listed in this paper, Nokia propose an E-UTRAN DRX scheme that is developed as a two layer flexible DRX scheme supporting long DRX intervals with the support of fast and flexible change to short DRX interval when needed.

Using first layer DRX, controlled by RRC, the eNB is commanding the UE to use a basic regular DRX interval based on the current connection requirements. Second layer DRX, controlled using MAC signalling, is used for flexible and fast interim changes to the regular DRX interval, allowing the network improved resource allocation possibilities towards the UE. 

This approach assures a DRX scheme design for E-UTRAN active mode that is very flexible when it comes to data throughput requirements and flexibility, while at the same time offering good and efficient power saving possibilities on the UE side.
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